Zephgrabetaine (1), a new betaine type Amaryllidaceae alkaloid, along with seven known alkaloids, lycorine, galanthine, lycoramine, hamayne, haemanthamine, tortuosine, and ungeremine were isolated from the bulbs of Zephyranthes grandiflora and their structures elucidated by spectroscopic data analysis. The isolated alkaloids were tested for in vitro cytotoxic activities against two cell lines, C-6 (rat glioma cells) and CHO-K1 (Chinese hamster ovary cells). A dose dependent cytotoxic effect was exhibited by all the alkaloids on these two cancer cell lines with prominent activity of lycorine and haemanthamine.
Zephyranthes grandiflora Lindl., commonly known as pink rain lily, belongs to the family Amaryllidaceae. Different species of Zephyranthes are widely used as folk medicines in many countries for treatment of diabetes mellitus, tumor, breast cancer, viral infections, and ear and chest ailments [1] . Amaryllidaceae species are known to biosynthesize a particular type of compounds known as Amaryllidaceae alkaloids (AAs). Pharmacological studies showed that AAs have remarkable anticancer, antineoplastic, acetylcholinesterase inhibition, antimalarial, antibacterial and antiinflammatory activities [1] [2] [3] [4] [5] [6] [7] [8] [9] . One of the most important alkaloids of this group is galanthamine, which is registered as a drug for Alzheimer's disease. Pancratistatin and lycorine were found to be novel leads for anticancer drug design [1] [2] [3] . These studies have made the activity screening of these alkaloids vital. The structurally diverse AAs, are classified into nine skeleton types and phytochemical studies on this plant have shown the presence of galanthamine, galanthine, lycorine, lycoramine, nerbowdine, tazettine, haemanthamine, hamayne, vittatine, haemanthadine, trispheridine, carinatine, vasconine, pancratistatin and its glycosides [10] [11] [12] .
In continuation of our work on the isolation and characterization of bioactive molecules from western Himalayan medicinal plants [13] [14] [15] [16] [17] , we here report the characterization of a new betaine alkaloid, zephgrabetaine (1), along with other known AAs, lycorine, galanthine, lycoramine, hamayne, haemanthamine, tortuosine, and ungeremine from bulbs of Z. grandiflora and their cytotoxic potential against two cancer cell lines, C-6 (rat glioma cells) and CHO-K1 (Chinese hamster ovary cells). All of these AAs are being investigated for the first time on these cell lines.
Zephgrabetaine (1) ( Figure 1 ) was obtained as brown powder from the bulbs of Z. grandiflora. The molecular formula was established as C 17 (1235 cm -1 , 1154 cm -1 ). Its UV spectrum in methanol showed absorption bands at 210, 263 and 368 nm, which suggested the presence of a substituted benzene ring. The 1 H NMR spectral analysis of 1 in CD 3 OD ( The 1 H and 13 C NMR data were similar to those published for criasbetaine [19] , a betaine type AA, except that the substituents at C-2 and C-9 had interchanged their positions. To confirm the betaine type skeleton the NMR spectrum of 1 in acidic solvent and its UV spectra in acidic and basic conditions were recorded [20] [21] [22] . The 1 H NMR spectrum of 1 in CD 3 OD:D 2 O:C 2 DF 3 O 2 (2:1:0.01) showed a slight downfield shift of most signals, with a major shift in H-7 from δ H 8.53 to 9.09. This downfield shift on changing the solvent from MeOD to CD 3 OD:D 2 O:C 2 DF 3 O 2 indicated the betaine type skeleton [23] . The 13 C NMR spectrum of 1 in acidic solvent showed an upfield shift of C-9 from δ C 170.4 (CD 3 OD) to 155.47 (CD 3 OD:D 2 O:C 2 DF 3 O 2 , 2:1:0.01), which may be due to conversion of the oxygen anion to a hydroxyl group, which confirmed the presence of an oxygen anion at C-9.
The UV spectrum of 1 in acidic conditions showed no significant shift in absorption bands, whereas in basic conditions, a bathochromic shift was observed, confirming the betaine type skeleton [23] . On the basis of the above spectroscopic data analysis, the structure of compound 1 was confirmed as 4,5-dihydro-2,10dimethoxy-pyrrolo[3,2,1-de] phenanthridinium-9-olate and named as zephgrabetaine.
The seven known AAs were identified as lycorine [24] , galanthine [24] , lycoramine [24] , hamayne [10] , haemanthamine [24] , tortuosine [24] , and ungeremine [22] by comparison of their spectroscopic (1D and 2D NMR) and mass spectrometric data with literature values.
In vitro cytotoxic activities of these alkaloids were tested against C-6 (rat glioma cells) and CHO-K1 (Chinese hamster ovary cells) cell lines at different concentrations (10, 50 and 100 µg/mL) using the sulforhodamine B (SRB) dye method. The percentage of cellular inhibition was calculated by measuring the absorbance of the respective incubated cells in 96-well plates. The results against C-6 and CHO-K1 cell lines are shown in Figure 3 . The IC 50 value for all alkaloids ranges between <10 to >100 µg/mL ( Table 2) . Dose dependent effects of these AAs were recorded. The study indicated lycorine as the most potent cytotoxic alkaloid among those tested, having an IC 50 <10 µg/mL against both cell lines. Haemanthamine was the second most promising cytotoxic compound with an IC 50 <10 µg/mL against C-6 and 28.8 µg/mL against CHO-K1. Hamayne and tortuosine were screened for the first time for cytotoxic activity.
The present observations on structure activity relationship (SAR) are similar to those of previous findings regarding lycorine-and haemanthamine-type skeletons [25] [26] . In the present study there were five lycorine type AAs (lycorine, galanthine, tortuosine, ungeremine and zephgrabetaine). Lycorine exhibited prominent cytotoxic activity and galanthine, tortuosine and ungeremine displayed moderate activity. Tortuosine exhibited better activity than ungeremine and zephgrabetaine against the C-6 cell line. Two AAs of the haemanthamine-type, hamayne and haemanthamine showed significant activity. Ungeremine, criasbetaine, zefbetaine and zeflabetaine were previously reported betaine type AAs from different Amaryllidaceae species and the present paper reports a fifth new betaine type AA from Z. grandiflora, together with seven known AAs and their cytotoxic potential. The results on their activity indicate that lycorine and haemanthamine are two promising cytotoxic alkaloids.
Experimental

General experimental procedures:
NMR experiments were performed on Bruker Avance-300 and 600 spectrometers with TMS as internal standard. IR spectra were obtained on a Perkin Elmer 1760 FT-IR spectrophotometer in KBr discs. Mass spectra were recorded on a Q-TOF triple quadrupole mass spectrometer equipped with an ESI source (Micromass, Manchester, UK). UV-visible absorption spectra were recorded on a Shimadzu UV-2450 instrument. Melting point was determined on a Branstead Electrochemical 9100 and was uncorrected. Silica gel of 230-400 mesh size and precoated TLC sheets of silica gel 60 F 254 were used for column chromatography (CC) and thin layer chromatography (TLC), respectively. Compounds were detected on TLC plates after spraying with Dragendorff's reagent; the chemicals used were purchased from Merck India Ltd.
Plant material:
Bulbs of Zephyranthes grandiflora were collected in April 2011 from Palampur (located at 32.12°N 76.53°E, height 1220 m), Himachal Pradesh, India. A specimen has been deposited in the herbarium (voucher no.1178) of the CSIR-Institute of Himalayan Bioresource Technology, Palampur India.
Amaryllidaceae alkaloids from Zephyranthes grandiflora Natural Product Communications Vol. 8 (2) 2013 163 Extraction and isolation: Dried bulbs (2 kg) of Z. grandiflora were ground to a coarse powder and extracted with ethanol (3 × 2 L) in a percolator for 24 h. The combined ethanol extract was evaporated to dryness in a rotavapor under reduced pressure to obtain a crude dried extract (250 g). This was suspended in water and partitioned with n-hexane, chloroform, and n-butanol successively to obtain 4 different fractions. The n-butanol fraction (50 g) was chromatographed over silica gel using a chloroform: methanol (10:0.0, 9.8:0.2, 9.5:0.5, 9.3:0.7, 9:1, 8.5:1.5, 8:2, 7:3, 5:5, 3:7.0, 0:10) gradient as eluting solvent to collect about 90 fractions of 50 mL each, which were further pooled to afford 9 major fractions (Fr.1-Fr.9) according to their TLC analysis. Fr.2 led to the isolation of lycorine (30 mg) by direct crystallization. Fr.3 was subjected to CC over silica gel using 5% methanol in chloroform for elution to yield galanthine (25 mg) and lycoramine (30 mg). From fr.4, after repeated CC over silica gel using 7% methanol in chloroform, hamayne (20 mg) and haemanthamine (25 mg) were isolated. Fr.5 was subjected to CC over silica gel using 10% methanol in chloroform to yield tortuosine (45 mg), zephgrabetaine (25 mg) and ungeremine (20 mg Cell lines and cell culture: C-6 (rat glioma cells) cells (ATCC No. CCL-107 TM ), obtained from GNDU, Amritsar, India, were cultured in DMEM (Sigma Aldrich) supplemented with 10% heat inactivated fetal bovine serum and 1% antibiotic antimycotic (Sigma Aldrich). The CHO-K1 (Chinese hamster ovary cells) cells (ATCC No. CCL-61 TM ), obtained from CSIR-Indian Institute of Integrative Medicine, Jammu, India, were cultured in HAM'S-F-12 medium (Sigma Aldrich) supplemented with 10% heat inactivated fetal bovine serum (Sigma Aldrich) and 1% antibiotic antimycotic (Sigma Aldrich). Both cell lines were maintained at 37°C in 5% CO 2 and a humidified atmosphere.
Cytotoxicity assay:
The level of cytotoxicity was measured using the sulforhodamine B (SRB) dye method [17] . Viable cells (20,000-50,000 cells per well) were seeded with the growth medium (100 μL) into 96 well, flat bottomed, micro titer plates and allowed to grow overnight. The test sample (lycorine, galanthine, lycoramine, hamayne, haemanthamine, tortuosine, zephgrabetaine and ungeremine) were dissolved in DMSO to prepare respective stock solutions and diluted to different dilutions for cell culture experiments.
Different dilutions (10, 50 and 100 μg/mL) of the AAs in 100 μL of complete medium were added to the wells. Mitomycin-C and vinblastin at concentrations of 1μM were used as positive controls against C-6 and CHO-K1 cell lines, respectively.
Plates were then incubated for 48 h before 50 μL of 50% trichloroacetic acid (TCA) was added to the wells and incubated for 1 h at 4 o C. The TCA treated cells were washed extensively with tap water to remove the TCA and air dried at room temperature. Subsequently, the cells were stained with SRB solution 0.4% (w/v) in 1% acetic acid at room temperature for 30 min. SRB solution (100 μL) was added to each well. After standing for 30 min, the plates were washed 5-6 times with 1% acetic acid. Plates were air dried at room temperature. The bound dye was dissolved by adding 100 μL of 10 mM Tris base [tris(hydroxymethyl)aminomethane]. The absorbance was measured using a micro plate reader (BioTeK Synergy H1 Hybrid Reader) at 540 nm.
The growth inhibition rate was calculated using the following formula:
% Cell Inhibition = 100 -{(A t -A b )/ (A c -A b )} x 100 where, A t , Absorbance value of test compound;
A b , Absorbance value of blank; A c , Absorbance value of control.
